Abstract. The aims of the present study were to elucidate the transcript levels of DNA methyltransferase (DNMT)1, DNMT3a and DNMT3b by quantitative polymerase chain reaction in patients with primary gastrointestinal diffuse large B-cell lymphoma (PGI-DLBCL), and determine the association of their expression with the clinical parameters and prognostic values of the disease. The results revealed that the expression of DNMT1 in patients with PGI-DLBCL was significantly higher than that in healthy controls (P=0.04), while the expression of DNMT3a and DNMT3b were significantly lower (P<0.001 and P=0.001, respectively). The increased expression of DNMT1 was significantly correlated with shorter overall survival and progression-free survival rates (P=0.018 and P=0.008, respectively). The multivariate analysis demonstrated that the level of DNMT1 was an independent prognostic factor. In conclusion, DNMT1 was identified to be an independent prognostic factor for predicting the survival of patients with PGI-DLBCL; this suggests that it could be used as a marker to indicate the prognosis of PGI-DLBCL.
Introduction
Primary gastrointestinal (PGI) lymphoma is an extremely rare disease that accounts for 1-4% of all gastrointestinal malignancies (1) . In general, gastrointestinal lymphoma is secondary to widespread nodal diseases. Lymphomas may originate from any section of the gastrointestinal tract, however, the most frequently affected region is the stomach, followed by the small intestine (2) . The most commonly diagnosed histopathological subtype of PGI lymphoma is diffuse large B-cell lymphoma (DLBCL), which accounts for ~50% of all cases (3) . Due to its rarity, only a limited number of studies concerning PGI-DLBCL have been published (4) (5) (6) .
Aberrant DNA methylation, which is characterized by widespread genome hypomethylation, chromosome instability and localized DNA hypermethylation, is considered to be an important event, occurring in early tumor development (7, 8) . Methylation patterns are predominantly regulated by independent DNA methyltransferases (DNMTs), including DNMT1, DNMT3a and DNMT3b (9, 10) . DNMT1 mediates maintenance DNA methylation and DNMT3a and DNMT3b are responsible for de novo methylation (9) . Previous studies have revealed that DNMT1 and DNMT3b overexpression is associated with unfavorable prognoses in a number of human cancers, including breast and hepatocellular carcinomas, lung cancers, acute myeloid leukemia and epithelial ovarian cancer (11) (12) (13) (14) (15) (16) (17) .
Increasing evidence suggests that aberrant DNA methylation is significant in the pathogenesis of lymphomas (18) (19) (20) (21) (22) . However, at present, the prognostic significance of DNMT expression in PGI-DLBCL is yet to be elucidated. The aims of the current study were to determine the transcript levels of DNMT1, DNMT3a and DNMT3b in PGI-DLBCL patients by quantitative polymerase chain reaction (qPCR), and establish their clinical significance.
Materials and methods

Patients and controls.
In total, 62 patients with a histopathological diagnosis of PGI-DLBCL, and 30 age-and gender-matched healthy controls were recruited. Table I .
RNA, cDNA preparation and qPCR. For the RNA extraction step, ~25 mg of tumor tissue was pulverized under liquid nitrogen using a pestle and mortar. The RNA was subsequently extracted using RNeasy (Qiagen Inc., Valencia, CA, USA), according to the manufacturer's instructions. Following this, reverse transcription reactions were performed using a PrimeScript 1st Strand cDNA Synthesis Kit (Takara Bio, Inc., Otsu, Japan), according to the manufacturer's instructions and qPCR was performed using a CM9600 Sequence Detection System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The amplification step was performed in a total volume of 20 µl, with 10 µl kit-supplied QuantiTect™ SYBR ® Green RT-PCR Master mix (Applied Biosystems Life Technologies, Foster City, CA, USA), 0.4 µl of each primer (10 µM), 2 µl of cDNA (50 ng RNA) and 7.2 µl ddH 2 O. The PCR cycling parameters were set as follows: 95˚C for 30 sec, followed by 40 cycles of PCR reacting at 95˚C for 5 sec, and finally 60˚C for 34 sec. β actin was used as an internal standard. The ΔΔCT values were calculated using the differences between the target genes and β actin. The primer sequences are shown in Table II . Each experiment was conducted in triplicate.
Immunohistochemical staining and scoring. The biopsied tissues were initially fixed in 10% buffered formalin, embedded in paraffin and cut into 4-µm sections. Following this, deparaffinization and heat-induced antigen retrieval steps were performed. The endogenous peroxidase activity was blocked using 0.5% hydrogen peroxide. Subsequent to washing with phosphate-buffered saline (PBS), the sections were incubated with anti-cluster of differentiation (CD)10 (cat. no. ZM0283), -B-cell lymphoma 6 (BCL-6; cat. no. ZM-0011) and -melanoma associated antigen 1 (MUM1; cat. no. ZA-0583) antibodies (ZSGB-BIO, Beijing, China) at 4˚C overnight. After washing with PBS again, the secondary antibodies were added to the sections. The nuclei were subsequently stained with hematoxylin, and the color was developed using diaminobenzidine. A positive result was recorded when ≥30% of the cells were stained. The tissues were also analyzed for CD10, BCL-6 and MUM1 immunoreactivity according to the immunophenotypic profile criteria of DLBCL described previously by Hans et al (25) . The intensity of the staining and the percentage of positive cells were recorded. The staining Statistical analysis. The statistical analysis was performed using SSPS version 19.0 software (SPSS Inc., Chicago, IL, USA). The results are presented as the mean ± standard deviation. The data were analyzed using the non-parametric Mann-Whitney U-test. The significant differences between the survival curves were calculated using the log-rank test. A GraphPad Prism software package was used for the Kaplan-Meier estimate graphs. The Cox proportional hazards regression model was used for the multivariate analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics and histological features.
In total, 62 patients with PGI-DLBCL, which included 33 males and 29 females (median age, 54 years; range, 32-76 years), and 30 age-and gender-matched healthy controls were enrolled in the present study. Overall, 20 patients (32.3%) were diagnosed with an advanced Ann Arbor clinical stage (stages IIE-IV), and 45 patients (72.6%) exhibited a good performance status (<2). An elevated serum LDH level was observed in 40 patients (64.5%); low or low-intermediate IPI scores were identified in 39 patients (62.9%). Based upon the results of the immunophenotypical profiles, 17 patients (27.4%) were classified as having a germinal center B-cell-like (GCB) subtype, and 45 patients (72.6%) with a non-GCB subtype. In total, 32 patients (51.6%) achieved complete remission after 6-8 cycles of the CHOP or R-CHOP regimens, 11 (17.8%) were in partial remission and 19 patients (30.6%) exhibited stable or progressive disease.
mRNA expression of DNMT1, DNMT3a and DNMT3b in patients with PGI-DLBCL.
The mRNA expression of DNMT1, DNMT3a and DNMT3b was determined using qPCR. The expression of DNMT1 mRNA in PGI-DLBCL patients was significantly higher than that of the healthy controls (P=0.04), while the expression of DNMT3a and DNMT3b mRNA was significantly lower (P<0.0001 and P=0.001, respectively) (Fig. 1) .
Association of DNMT1 expression with the clinicopathological characteristics of PGI-DLBCL.
The patients with PGI-DLBCL were divided into subgroups according to specific clinical parameters, such as the Lugano stage (stages I-II and stages IIE-IV subgroups), the IPI score (low IPI, 0-2; and high IPI, 3-5 subgroups), and the DLBCL type (non-GCB and GCB subgroups). It was revealed that DNMT1 expression was significantly higher in the high IPI subgroup than in the low IPI subgroup (P=0.03; Fig. 2 ). By contrast, there were no significant differences in the expression of DNMT3a and DNMT3b between any of the subgroups (data not shown).
DNMT1 is a negative independent prognostic factor for patients with PGI-DLBCL.
The patients were divided into high-expression (above the median) and low-expression (below the median) groups depending on mRNA expression levels. The results demonstrated that the overall survival (OS) and progression-free survival (PFS) rates of the high-DNMT1 group were significantly shorter compared with those of the low-DNMT1 group (P=0.038 and P=0.012, respectively; Fig. 3 ). The univariate analysis revealed that DNMT1 expression, Lugano staging, pathological type and IPI scores were factors associated with the prognosis of patients with PGI-DLBCL (Table III) . The multivariate analysis showed that in addition to the IPI score, DNTM1 expression was also an independent predictive factor for mortality and disease progression (Table IV) . 
Discussion
The processes that underlie the pathogenesis of PGI-DLBCL are yet to be elucidated. Previous studies have hypothesized that abnormal DNA methylation is an important event that occurs early in tumor development (27, 28) . DNA methylation is regulated by DNMTs, predominantly DNMT1, DNMT3a and DNMT3b (9, 10) . Therefore, we hypothesize that the dysregulated expression and function of DNMT1, DNMT3a and DNMT3b is significant in the pathogenesis of PGI-DLBCL. Increasing evidence indicates that high DNMT1 and/or DNMT3b expression has a modulating effect upon the clinical outcome of cancer patients. A previous study revealed that 
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Progression-free survival A B C Figure 1 . Relative mRNA expression of DNMT1, DNMT3a and DNMT3b in PGI-DLBCL patients and healthy controls. The mRNA expression was detected using quantitative polymerase chain reaction. The bars indicate the relative mRNA levels (mean ± standard deviation). (A) The levels of DNMT1 mRNA from PGI-DLBCL patients were significantly higher than those of healthy controls (P=0.04), while the expression of (B) DNMT3a and (C) DNMT3b mRNA was lower (P<0.0001 and P=0.001, respectively). DNMT, DNA methyltransferase; PGI-DLBCL, primary gastrointestinal diffuse large B cell lymphoma.
high DNMT1 expression was associated with a subgroup of gastric cancer patients with poorer outcomes following platinum/fluorouracil-based neoadjuvant chemotherapy (29) . Another study identified that the level of DNMT1 mRNA was significantly higher in gastric cancer patients with methylated Runx3, compared with those with unmethylated Runx3 (30) . Furthermore, increased expression of DNMT1 and DNMT3b have been detected in the tumor tissues of patients with lung cancer, and were also associated with poorer prognoses (31) (32) (33) (34) . In a study concerning pancreatic cancer patients, those with a higher DNMT1 expression exhibited a lower overall survival rate (35) . In addition, DNMT1 and DNMT3b were markedly upregulated in malignant glioma tumor tissues (36) , and DNMT3b overexpression was identified to be an independent prognostic factor for predicting the reduced survival of DLBCL patients (37) . The present study revealed that DNMT1 mRNA expression in PGI-DLBCL patients was higher than that of the healthy controls, and that it was increased in the high IPI subgroup compared with the low IPI subgroup. The Kaplan-Meier analysis showed that the high-DNMT1 subgroup exhibited shorter OS and PFS rates compared with the low-DNMT1 subgroup. This suggests that DNMT1 is a negative predictive factor for PGI-DLBCL. The Cox regression analysis revealed that DNMT1 was an independent prognostic factor, which suggests that DNMT1 expression may be a suitable prognostic marker for patients with PGI-DLBCL. These findings are consistent with those of other previous studies (28) (29) (30) (31) (32) (33) (34) (35) (36) . Although previous studies have reported that the levels of DNMT3a and DNMT3b were significantly higher in cancer patients (31, 33, 35, 36) , the present study indicated that the expression of DNMT3a and DNMT3b in PGI-DLBCL patients was markedly lower than that of the healthy controls. This may be due to the small number of samples used in the present study. Future studies with larger patient cohorts are therefore required in order to address this inconsistency. Table IV . Multivariate analysis revealing the significance of independent prognostic variables for primary gastrointestinal diffuse large B cell lymphoma. In conclusion, the results of the present study suggest that DNMT1, DNMT3a and DNMT3b may be involved in the etiology of PGI-DLBCL. In addition, the results indicate that DNMT1 is a negative and independent prognostic parameter for patients with PGI-DLBCL, and, therefore, may be used as a biomarker in order to guide prognosis.
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